The aim of the present study is to assess the water quality along the Rosetta branch of the Nile River, Egypt. The study area extends from upstream of the El-Rahawy drain to the end of the branch. The correlation matrix was performed to help identify the nature of correlations between the different parameters. The WQI (water quality index) was calculated seasonally at different points along the Rosetta branch to provide a simple indicator of water quality at these points. The results of WQI calculations showed that the fecal coliform is the main cause of poor water quality along the Rosetta branch. A statistical analysis was also performed using a two-way ANOVA (analysis of variance) to identify the significant sources of water pollution and to determine the impact of the parameters on a mass loading. A significant difference was observed between the impacts of the pollution sources on the water quality. Also, a significant difference was observed between the impacts of each parameter in the mass loading. The results showed that the El-Rahawy, Tala and Sabal drains are the major sources for water quality degradation along the Rosetta branch and that the effect of the El-Tahrir and the Zawyet El-Baher drains on the water quality is not significant.
Introduction


The longest river in the world, the Nile River measures 6,700 km (4,163.2 mi) long and runs from Lake Victoria in east central Africa to the Mediterranean Sea in northeastern Egypt. The drainage area of the Nile basin is 2,900,000 km 2 (1,119,696.2 mi 2 ). The Nile River passes through the countries of Egypt, Sudan, Ethiopia, Uganda, Kenya, Tanzania, Democratic Republic of the Congo, Rwanda, and Burundi [1] . As an arid country of high temperatures and low rainfall, Egypt depends on the Nile River for more than 95% of its fresh water needs [2] . The river travels for 950 km through Egypt, starting from Aswan in the south and ending at Cairo in the north, where it separates into two branches, Rosetta and Damietta branches, which form the Nile Delta [3] .
The average flow rate of this branch is about 21,500,000 m 3 /day (5,679,698,000 gal/day) [4] . The of agricultural drainage water, in addition to receiving untreated and partially treated industrial and domestic wastewaters [3] , as well as toxic dumping. Five agricultural drains empty into the branch: the El-Rahawy, the Sabal, the El-Tahrer, the Zawyet El-Bahr, and the Tala [5] . At the El-Rahawy drain, considered as the main source of pollution along the Rosetta branch [6] , the water quality is greatly affected by two primary pollution sources: (1) small drains located along its path that discharge agriculture and domestic wastewater without prior treatment; and (2) the El-Mansoria Canal, which receives secondary treated wastewater from the Zenen WWTP (Wastewater Treatment Plant) and primary treated wastewater from the Abu-Rawash WWTP [7] . Several studies have been conducted to address water quality at the Rosetta branch. Abdel-Satar and Elewa [8] observed low levels of DO (dissolved oxygen) at the discharge points of the El-Rahawy drain. Abdo [9] concluded that the El-Rahawy and the Sabal drains comprise the major sources of pollutants along the Rosetta branch due to the large amount of domestic, industrial, and agricultural wastes discharged from these drains. Other studies of water quality at the Rosetta branch included that of Elewa et al. [10] , who determined that the El-Rahawy drain constitutes the major source of pollution along the Rosetta branch because the drain discharges large amounts of agricultural and domestic wastewaters. Also, El Bouraie et al. [7] found high concentrations of inorganic and organic pollutants at the discharge point of the El-Rahawy drain, with a resultant adverse effect on water quality at the Rosetta branch.
Materials and Methods
The survey, performed in the Rosetta branch, involved collecting water samples in winter, spring, summer, and autumn 2013. Fig. 1 shows the sampling points along the study area. 17 stations were chosen along the Rosetta branch in order to cover the main polluted areas along the branch: 10 upstream and downstream from the point sources; 5 at the discharge point of the point source; 1 at the middle distance between the last pollution source and the end of the branch; and the last station located at the end of the branch, as shown in Table 1 . The point sources located along the study area include the El-Rahawy drain, the Sabal drain, the El-Tahrir drain, the Zawyet El-Baher drain, and the Tala drain. Water samples were collected from a depth of approximately 0.3 m (1 foot) below the surface with the use of 2-liter plastic containers. After their placement in an ice chest and were then transported to the laboratory, water samples were analyzed for TDS (total dissolved solids), TSS (total suspended solids), BOD (biochemical oxygen demand), COD (chemical oxygen demand), TOC (total organic carbon), DO The TOC concentration was measured by using a TOC analyzer (Shimadzu/4200) [11]; An automatic calibration conducted by using dilution water as a standard solution ascertained the accuracy of the data. The 5-day BOD test 5210B was used in the determination of the BOD concentration in wastewater samples [11] . For quality control purposes, the research protocol included the following procedures: (1) In seed control samples tested after 5 days of incubation, a minimum residual DO of 1.0 mg/L and a minimum DO depletion of 2.0 mg/L were required; (2) the glucose-glutamic acid solution and the dilution water were tested and compared with the acceptable limits. Use of the closed reflux, titrimetric method 5220C enabled determination of the COD concentration in the samples [11] . For quality control purposes, testing of a solution with known concentration ensured accuracy of the measurements. Test method 2540D was used for the determination of TSS [11] . For quality control purposes, analysis of 20% of the total number of samples took place. Fecal coliform membrane filter technique 9222D was used to determine the FC (fecal coliform) density in the samples [11] . The NO 3 − , PO 4 3− and Cl − were measured by applying ion chromatography method 4110B [11] . For quality control purposes, the sample loop and the needle were flushed with 250.0 mL of deionized water; The temperature of the column was set at 30 °C. After running occurred, the time and the resolution of the peaks were checked. The time and the resolution of the peaks must approximate those of the chromatogram of the column.
A correlation matrix, performed with the use of Microsoft Office Excel 2010, yielded the nature of correlations among the different parameters. A two-way ANOVA (analysis of variance) was used to identify the impact of each point source on the water quality of the Nile Delta, the major source of water pollution along the study area, the impact of each parameter on a mass loading, and the influence of the parameters on each other. The parameters included pH, COD, BOD, TOC, TSS, TDS, chlorides, and DO. 10 groups were established: Two groups followed the mass loading theory (flow × concentration), while the other groups followed the loading factor concept (flow × solids concentration × organics concentration), as shown in Table 2 . The first two groups comprise DO and pH (−log[H + ]) multiplied by the flow rate. The other groups contain solids multiplied by organics and flow rate, where the solids are bound to organics in water.
The WQI (water quality index) was calculated seasonally at different points along the study area to provide a simple indicator of water quality at these points. WQI is an excellent and reliable tool used to measure and monitor changes in water quality. Several water quality parameters are used to calculate the WQI, including TS (total solids), DO 
Results and Discussion
Physicochemical Analysis
Results of physicochemical analysis of water samples collected along the Rosetta branch during the four seasons are presented in the Appendix in Tables  A1 and A2. 3.
The pH Value
The pH value represents the master control parameter for chemical and biological reactions in a water body. The optimum pH for most aquatic species ranges from 6.5 to 9 [15] . Tables A1 and A2 show that pH values for all water samples collected along the Rosetta branch were alkaline and within the permissible limits. In the hot season, the growth of aquatic plants in the Nile River increases the pH value of water because plants consume carbon dioxide in the photosynthesis process, which leads to increased alkalinity of the water. On the other hand, during the cold season, the phytoplankton consumes less carbon dioxide, which leads to increased carbonic acid (H 2 CO 3 ) content in the water and, as a result, to increased water acidity. The highest pH value (8.3) was recorded at Station S 1 (upstream of the El-Rahawy drain) during the summer season because, when water alkalinity increases in hot weather because the aquatic plants consume more carbon dioxide. The lowest value (7.22) was found at Station S 2 (at discharge point of the El-Rahawy drain) during the winter season because water acidity increases in cold weather as a function of increased carbonic acid content that develops in the water when phytoplankton consume less carbon dioxide. The data analysis showed that the pH level along the study area did not adversely affected by climate change or receiving discharge from point sources located along the branch. (Tables A1 and  A2 ). The FC values for all water samples collected along the Rosetta branch exceeded the permissible limits specified by Egyptian Law 48/1982 and EPA standards (≤ 1,000 CFU/100 mL) [12, 13] , except at Stations S 7 (upstream of the El-Tahrir drain), S 10 (upstream of the Zawyet El-Baher drain), S 13 (upstream of the Tala drain) and S 17 , due to the low discharge of domestic wastewater at these points. 3.1.5 Dissolved Oxygen DO measures the amount of oxygen dissolved in a body of water, and adequate DO concentration proves necessary for aquatic life and good water quality. Oxygen is absorbed in water through photosynthesis, surface water agitation and diffusion from the surrounding air [23] . In the Rosetta branch, the concentration of DO ranged from 2.5 to 7.21 mg/L. More than 91% of the studied stations along the Rosetta branch did not comply with permissible DO limits specified by Egyptian Law 48/1982 and EPA standards (≥ 5 mg/L) [12, 13]; These excessive levels resulted from discharge of untreated domestic, agricultural and industrial wastewater to the branch. The lowest DO concentrations were recorded at Station S 2 , particularly in summer season, where warm water holds more DO than cold water, as shown in Tables A1 and A2 . The decline in DO concentration at this point also occurs because of high organic and inorganic matters, as well as because of the nutrient load discharged directly from El-Rahawy drain. The main problem is that most of the aquatic life can not survive at concentrations below 3 mg/L of DO [24] . In contrast, the highest DO concentrations were recorded at the end of the Rosetta branch as a result of strong mixing between the Rosetta branch and the Mediterranean Sea and as a result of the impact of the prevailing winds from the Mediterranean Sea. Tables A1 and A2 also show the DO concentrations increase during spring than during the other seasons; In spring, more sunlight penetrates the water and phytoplankton reproduce rapidly.
3.1.6 Biological Oxygen Demand and Chemical Oxygen Demand BOD quantifies the amount of oxygen consumed by microorganisms over a 5-day period at a constant temperature of 20 °C, and COD represents the amount of oxygen consumed during the chemical decomposition of organic materials under the effect of strong oxidizing chemicals. Consumption of large amounts of oxygen indicates the presence of large amounts of pollutants in water [25, 26] . The water quality standard specified in Egyptian Law 48/1982 and EPA standards for BOD and COD is 6 and 10 mg/L, respectively [12, 13] . The BOD and COD values along the Rosetta branch ranged from 2.4 to 41 mg/L and from 8 to 63 mg/L, respectively, which clearly exceeded the permissible limits. Tables A1 and  A2 show that the highest BOD and COD values were recorded at Stations S 2 , S 5 and S 14 , because of the huge amount of domestic, agricultural, and industrial wastewater discharged directly from El-Rahawy, Sabal and Tala drains, all of which contain high loads of organic matter which is undesirable for aquatic life. High COD and BOD concentrations in surface water can cause poor aeration conditions [27] . Tables A1 and A2 also show that BOD and COD concentrations are greater during winter and summer than during autumn and spring for all water samples collected along the Rosetta branch; The BOD and COD concentrations increase in the winter as a result of the low water level during the winter period and increase in the summer because of the increased rate of water evaporation and the reduced amount of oxygen dissolved in water.
3.1.7 Temperature Temperature governs many important parameters in rivers, including biological activity and growth: the solubility of oxygen in water; and the kinds of organisms, aquatic life and plants that can live in rivers [28] . The change in water temperature occurs as a result of weather conditions, discharges into the river from pollution sources and groundwater inflows. Along the Rosetta branch, the water temperature values ranged from 16.4 to 28.4 °C during all seasons, as shown in Tables A1 and A2 . The maximum water temperatures, recorded in summer, occurred because of the warm air temperatures and the direct exposure to the sunlight. The highest temperature was recorded at Station S 2 , which occurred because of the elevated TSS concentration discharges from the El-Rahawy drain-the suspended solids absorb heat energy, resulting in a rise in water temperature. The main problem is that organisms can not survive in high water temperatures [20] .
3.1.8 Total Suspended Solids TSS can be defined as all particles suspended in water that do not pass through a filter paper (2 µm) when a sample of water is filtered. Suspended solids usually include decaying plant matter, silt, clays, industrial wastes, animal matter and domestic wastes [26] . Tables A1 and A2 show that, for all water samples collected along the Rosetta branch during all seasons, TSS concentrations exceeded the permissible limits specified by Egyptian Law 48/1982 and EPA standards (≤ 20 mg/L) [12, 13] . Because Stations S 2 , S 5 and S 14 receive effluents from the El-Rahawy, Sabal and Tala drains, these sites yielded the highest TSS values. The presence of high levels of TSS in river can adversely affect the aquatic life and water quality because suspended particles absorb heat from sunlight, causing an increase in water temperature and a decrease in oxygen production [20] .
3.1.9 Total Organic Carbon TOC, a measurement of the amount of organic compounds in water, is often used for evaluation of water quality [29] . Organic compounds in water are either synthetic or naturally occurring. The synthetic organic compounds include solvents, detergents, oils, herbicides, fertilizers and pesticides, whereas the natural organic compounds include tannin, humic and fulvic acids [30] . TOC values along the Rosetta branch ranged from 0.29 to 4 mg/L during all seasons, as shown in Tables A1 and A2 
Correlation Matrix
The nature of correlations among the different parameters is provided in Tables A3-A6 showed that fecal coliform, found in the Rosetta branch as a result of discharge of domestic sewage, constitutes the main cause of the poor water quality along the branch. The increase in fecal coliform concentration leads to an equivalent increase in TDS, TSS, COD, BOD and TOC concentrations and to a decrease in DO and pH levels.
Water Quality Index
The WQI, calculated seasonally at different points along the study area, provided a simple indicator of water quality at these points. during all the seasons. The worst water quality conditions were recorded during the winter and summer seasons. The concentration of pollutants increases in the winter due to decreased water flow during the "winter closing" period; In summer, the elevated rise in water temperature leads to increased rates of water evaporation and, thus, to an increase in the concentration of pollutants. Results of the WQI indicate that the El-Rahawy and the Tala drains comprise the main sources of water pollution along the Rosetta branch because of the large amount of agricultural, domestic and industrial wastewater discharges to those drains. Although water quality upstream of the El-Rahawy drain was classified as medium during all seasons, water quality downstream of the El-Rahawy drain was classified as bad because of discharge received from the drain. Also, upstream of the Tala drain, the water quality was determined to be medium during autumn, summer and spring, and to be bad downstream from the Tala drain. The results of the WQI also showed that FC constitutes the main cause of the poor water quality along the Rosetta branch. The increase in FC concentration leads to an equivalent increase in turbidity levels and to a decrease in DO concentration. Higher turbidity decreases the rate of photosynthesis because the suspended particles absorb more heat and reduce the amount of sunlight penetrating the water; In turn, the decreased photosynthesis leads to a decrease in DO production. An improvement in water quality was observed at Station S 17 (the end of the Rosetta branch), where the FC concentration decreased as a result of the mixing between the Rosetta branch and the Mediterranean Sea.
Analysis of Variance
A two-way ANOVA was used to determine the difference in the water samples collected from five pollution sources and was based on eight parameters: COD, BOD, TSS, TDS, TOC, DO, pH and Cl − . Table 3 shows the flows from different pollution sources along the Rosetta branch at different seasons, and Table 4 provides results for the mass loading for each parameter at different point sources. The null hypothesis (H 0 ) states that there are no differences between the means of the samples, while the alternate hypothesis (H 1 ) states that there are differences between the means of the samples. The results of the two-way ANOVA showed a significant difference in the impacts of each pollution source in the mass loading: As Table 4 indicates, the pollution source p-value (1.25 × 10 −54 ) was found to be significantly less than 0.05 (5.0% chance that the null hypothesis was true). In this case, the null hypothesis was rejected in favor of an alternative hypothesis. A significant difference was observed between the impacts of each parameter on the mass loading: The ) was significantly lower than 0.05. In this case, the null hypothesis was also rejected in favor of an alternative hypothesis. The ranking of the point sources in terms of participation in the mass loading for all the studied groups was as follows: the El-Rahawy drain, the Tala drain, the Sabal drain, the El-Tahrir drain and the Zawyet El-Baher drain (Table A7) . For point sources, parameters, and the interaction between them, the null hypothesis was rejected in favor of the alternative hypothesis, and then there is evidence that the differences in the means are statistically significant (Table 4) , which means that each point source has a different effect in the Rosetta branch water quality. The results revealed that the El-Rahawy and Tala drains are the major sources of water pollution along the Rosetta branch, where these drains receive wastewater from agricultural, domestic and industrial sources located along its path.
Conclusions
The results of the physicochemical analysis showed that the worst water quality conditions were recorded during winter and summer seasons because the water flow decreases during the "winter closing" period, leading to an increase in pollution levels, and because the water temperature rises during summer, it leads to an increased rate of water evaporation and, thus, to an increase in pollution levels. The lowest DO concentrations were recorded during the hot summer season, at which time the warmer water has less capacity to hold DO than cold water. In contrast, DO concentrations were lowest during spring than in the other seasons; in the spring, more sunlight penetrates the water, and phytoplankton reproduces rapidly. The highest pollution levels were recorded at the discharge points of the El-Rahawy, Sabal and Tala drains, which receive large amounts of agricultural, domestic and industrial wastes.
The calculated WQI showed medium water quality upstream of the El-Rahawy and Tala drains and bad water quality downstream of those drains because of high levels of pollutants discharged from the two drains. The results of WQI also showed that FC is the main cause of poor water quality along the Rosetta branch, which receives large amounts of untreated and partially treated domestic wastewater from the El-Rahawy, the Sabal and the Tala drains. Better water quality was observed at the end of the Rosetta branch, where the mixing that occurs between the Rosetta branch and the Mediterranean Sea results in increased DO levels and decreased FC concentrations.
The results of ANOVA testing showed a significant difference between the impacts of each point source on the mass loading. The impact of each parameter in the mass loading was found to be significantly different. The results of ANOVA testing also showed a significant difference in the relationship of each parameter to the point sources. The ranking of the drains in terms of their impact on the mass loading at the Rosetta branch is as follows: the El-Rahawy, the Tala, the Sabal, the El-Tahrir and the Zawyet El-Baher.
It was concluded that El-Rahawy, Tala and Sabal drains contribute most to water quality degradation along the Rosetta branch due to a large amount of domestic, agricultural and industrial wastewater discharges to those drains. Because the El-Tahrir drain does not receive domestic or industrial wastes, its effect on the water quality is not significant. The Zawyet El-Baher drain also has a minor effect on the water quality due to its low flow rates from this drain. 7.7E + 10 4.2E + 11 4.0E + 10 2.2E + 11 3.4E + 9 1.9E + 10 7.7E + 10 4.2E +11 2.8E + 6 1.4E + 7 PS1
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